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摘  要 
C—X 键（X = C, N, O, S, P, etc.）的形成是有机化学中 重要、 基础的研
究内容之一。近年来，过渡金属参与的导向基团辅助的 C—H 键的活化及 C—X
键的形成反应取得重要进展。本论文以 Rh 的配合物为催化剂，探索并发展了几
类导向基团辅助的 C—H 键的活化及 C—C、C—N 键的形成反应，并对部分反应
机理进行了研究，全文共分为六章： 
第一章为绪论，结合本论文的核心内容，阐述了 C—H 键活化的意义，总结
了过渡金属参与的 C—H 键活化的几种途径，综述了近年来 Ru，Pd，Fe，Cu，
Rh 催化的 C—H 键官能团化方面的研究进展，并简述了本论文的主要设想和目
的。 
第二章研究了 Rh(III)/Cu(II)催化的由 2-乙烯基吡啶通过多重 C-H 键活化合
成 3-（吡啶-2 甲酰基）中氮茚的反应。研究表明这类反应是个多重 C-H 键活化
的过程，包含 2-乙烯基吡啶的自身脱氢偶联、烯烃 C-H 键氨化关环及亚甲基 C-H
键氧化等串联反应。该反应收率中等且具有良好的区域选择性，提供一种从简单
易得的起始原料直接合成 3-（吡啶-2 甲酰基）中氮茚的新方法。 
第三章研究了 Rh (I) /Cu(II)催化的由 2-芳基吡啶与 γ-芳基或烷基取代的四级




中等收率实现了 2-芳基吡啶的芳基邻位 C-H 键的直接芳基化，该反应提供一种
高效的合成吡咯类联芳基化合物的新方法。 
第五章研究了 2-乙烯基吡啶对非末端炔的加成反应。从计量化反应入手，
分离到反应过程的部分中间体，在此基础上实现了 RhCl(PPh3)3 催化 2-乙烯基吡
啶对二苯基乙炔的加成反应，而且，在此反应液中加入亲双烯体（如马来酸二甲



















C-C and C-X（X = N, O, S, P, etc.）bond formation represents one of the most 
important and basic research subjects in organic chemistry. Significant progress have 
emerged on transition metal catalyzed C-H bond activation followed by C-X (X = C, 
N, O, S, P, etc.) bond formation in recent years. This dissertation mainly focuses on 
developing a series of novel Rh-catalyzed reactions involving C-H bond activation 
along with C-C and C-N bond formation. In addition, mechanistic investigations on 
some of the reactions have also been depicted. This dissertation consists of the 
following six chapters: 
In chapter 1, the significance of C-H bond activation and several reaction 
pathways for transition metal mediated C-H bond activation are described. The recent 
research progress on Ru, Pd, Fe, Cu and Rh catalyzed C−H functionalization has also 
been briefly reviewed. Furthermore, the research objectives of this dissertation are 
presented. 
In chapter 2, a highly efficient approach for the direct synthesis of 
3-(picolinoyl)indolizine from 2-vinylpyridine derivatives is described. The reaction 
process contains Rh(III)/Cu(II) catalyzed multiple C-H bond activation and 
functionalization steps, including dehydrogenative homo-coupling, 
cycloisomerization via alkenyl C-H bond amination and oxygenation of the pyridyl 
methylene C-H bond. These reactions proceed in moderate to good yields with high 
regioselectivities and offer a straightforward protocol to afford 
3-(picolinoyl)indolizine from simple starting materials. 
In chapter 3, direct syntheses of pyrido[2,1-a]isoindoles from 2-arylpyridines and 
γ-substituted tert-propargyl alcohols via rhodium-catalyzed C-H bond activation and 
β-carbon elimination has been developed. This transformation represents a highly 
efficient way to afford 6-acylated pyrido[2,1-a]isoindoles from simple starting 
materials. A plausible mechanism for this unpredictable reaction is also proposed.  
In chapter 4, Cross-Dehydrogenative-Coupling of 2-arylpyridines and 1H-Pyrrole 















yields, which offers a highly efficient approach to afford biaryls containing 
1H-Pyrrole. Further investigation on the detailed mechanism and substrate scope is 
currently underway.  
In chapter 5, addition of 2-vinylpyridine olefin C-H bond to internal alkynes have 
been investigated. RhCl(PPh3)3 catalyzed 2-vinylpyridine olefin C-H bond to 
diphenylethyne were explored in detail based on the reactivity studies of the 
organometallic complexes isolated from the stoichiometric reactions. The catalytic 
coupling reaction could be extended to several internal alkynes.  A one-pot D-A 
reaction has been carried out by addition of the dienophile such as dimethyl maleate 
to the reaction mixture leading to the selective formation of poly-substituted 
cyclohexene, which represents one of the potential synthectic applications of this 
reaction. 
In chapter 6, the innovation of the dissertation is concluded and the prospect of 
this research is presented. 
 
 





























1.1 C-H 活化简介 



































 (2) σ键复分解 
d0 电子构型的前过渡金属的烷基或氢络合物可与底物烷烃的 C-H 键发生烷
基交换反应，类似于烯烃复分解反应。这类反应金属价态不变，仅是 M-C 键发
生交换而非真正的烷基活化（Scheme 1.2）。这些金属一般是元素周期表中的第
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